INTRODUCTION
Specimens of liver tissue obtained by needle biopsy may be subjected to various forms of study. Our interest in the fatty liver has led to the development of micro-chemical methods based on standard techniques for the quantitative analysis of lipids in the liver specimens in order to supplement the histological information obtained. The value of such determinations is dependent on the extent to which the specimen of liver obtained by the needle method is representative of the liver as a whole in respect to lipids. Some workers have questioned the validity of the lipid values obtained on analysis of a single liver specimen and have felt that particularly in cirrhosis marked variation in lipid content can occur. Waldstein and Szanto (1) using the needle technique have, however, reported that histological examination of specimens obtained at necropsy from 9 patients with cirrhosis, 2 cases of toxic hepatitis and 4 "normal" patients, indicates that fatty metamorphosis is uniform throughout the human liver. Rourke and Stewart (2) , and Theis (3) have also shown by chemical analysis of 1 gram samples taken from different sites in the liver that the distribution of lipids is relatively uniform.
In the present study, specimens of liver have been taken from 18 different sites in each of 25 livers and examined chemically and histologically for lipids. The variation in lipid content in the different specimens is reported and the influence of cirrhosis on the interpretation of the findings is discussed.
TECHNIQUES

Material
The livers used in this study were obtained from patients at the Cincinnati General Hospital who had died 1Aided by grants from Samuel Freedman, the Robert Gould Research Foundation, the Milton Brown Memorial Fund, and the John Eisman Memorial Fund. from a variety of diseases (Table I ). In the selection of material preference was given to livers showing gross evidence of cirrhosis and/or fatty vacuolization, so that of the 25 livers examined there were 13 non-fatty livers (Group I), 5 of which were cirrhotic, and 12 fatty livers (Group II), 4 of which were cirrhotic. Necropsies were performed within 6 hours of death, and the liver was then removed for immediate analysis. Ralli and her associates (4) have shown that in dogs autolysis during the first 6 hours after death does not cause appreciable change in the lipid content of the liver.
Using the Vim-Silverman needle, specimens of liver tissue were obtained from approximately 18 different sites as indicated in Fig. 1 . Position 5 was that from which biopsy samples are usually obtained in living subjects using the intercostal approach. The sample was immediately removed from the needle with forceps, dried with gauze to remove adherent blood and cut into two; one half used for histological examination and the other, weighing 5 to 8 mg., for chemical analysis.
Weight measurements
In the present work all weighings were made using a single beam quartz fibre balance as described by SchmidtNielsen and Taylor (5) . This was constructed to take a maximum load of 12 mg. Calibration showed that there was a linear relationship between the dial reading and the load and that 280 scale divisions were equivalent to a load of 1 mg. An error of less than 1 per cent was ob- (Fig. 2) .
Dry weight: The liver specimen was frozen at _24°C and then dried in vacuum over anhydrous calcium sulphate for 48 hours after which there was no further loss in weight. When dry, the specimen adhered to the glass hook, which could then be used as a carrier in all subsequent operations. Repeated drying in an oven at 105°C did give further small losses in weight, attributable to the loss of volatile substances other than free water. It is not possible to obtain exactly comparable results using the two methods for obtaining dry weights. The vacuum drying technique, however, has the advantage that oxidation of the lipid matter is prevented.
Total lipid content: Directly after weighing, the hooks per cent hydrogen peroxide (superoxol) were added to the samples, the blank (500 Al. 5N HS04) and the standard (prepared in 500A4. 5N HSO4) and all were reheated for an hour at 160°C after charring had disappeared. When necessary more H20, was added to all the tubes, which were reheated for 1 hour at 160°C to remove excess H,O,. After cooling 3 ml. water, 1 ml. 10 per cent sodium molybdate and 1 ml. 0.5 per cent p-methyl aminophenol sulphate in 3 per cent sodium bisulphite were added and in 15 minutes the color developed was read using a Beckman Spectrophotometer at 660 my. The lipid phosphorus content was multiplied by 25 to give the value for phospholipid.
Total fatty acids and iodine number: The total fatty acids and their iodine number were determined on 140 /4l. of the alcoholic exract using the micro-methods described by Schmidt-Nielsen (7-10). The extract was pipetted into a vial of thin glass (60 mm. X 3 mm.) and the alcohol immediately removed in a vacuum desiccator. Twenty /l. 50 per cent alcoholic KOH were used to saponify the lipids in the presence of 60 A4. toluene. The tube was sealed and placed in a water bath at 80°C for 30 minutes. After cooling, the vial was centrifuged for 1 minute and the alcohol and toluene removed in a vacuum desiccator containing paraffin shavings. Fifty-seven 41. N/2 HCI were added to acidify the mixture and 60 /4. toluene were pipetted for the extraction of the fatty acids. The tube was immediately sealed and shaken 30 to 50 times to obtain complete extraction. After centrifugation for 1 minute, aliquots of the toluene layer were taken for titration of the fatty acids and iodine number. Frozen sections were made of the remainder; these were stained with Sudan IV, Oil-Red 0 and Sudan Black.
Each section was graded for visible fat using the designations of "absent," "slight," "moderate" or "severe." If no vacuolization could be found, with hematoxylineosin staining, the designation of "absent" was used, even though these sections might be faintly positive for lipid with fat stains. When only spotty fatty vacuolization was noted, the section was graded as "slight." The fat infiltration was regarded as "moderate" when not more than one third of the cells contained fat. Sections in which the fatty vacuolization was greater than this were given the classification of "severe." RESULTS A liver has been designated "fatty" if the lipid content is greater than 8 g. per 100 g. liver, or if the fatty vacuolization was classified as "moderate" or "severe."p Percentage of dry matter
The amount of dry matter was determined in each of the specimens examined. In non-fatty livers the mean values ranged between 22 and 33 per cent with an average of 27.9 per cent (i.e., 72.1 per cent water -content). In fatty livers a rough linear relationship was found between the percentage of dry matter and the amount of lipid in 100 g. dried tissue; this finding confirms the observations of other workers using macro-techniques (Eger [11] and Halliday [12] ) (Fig. 3) .
This relationship was not apparent in non-fatty livers.
Total lipids
The results obtained for the total lipids in -13 tion found in the different specimens from each liver. Tables II, III , IV, V give the detailed results obtained in a case representative of each group studied. In neither the non-fatty nor fatty livers was there a consistent difference between the lipid concentrations in the right or left lobes of the liver.
In 4 livers (marked with an asterisk- Table I ) the lipid concentration of the specimens was determined in dry tissue only and approximate wet weights were calculated using Fig. 3 so that the results could be recorded in g. per 100 g. wet liver.
Non-Fatty Livers: Non-Cirrhotic (Fig. 4 Total fatty acids As seen in Tables II to V, -' " ' ' ' . ' . ' r . , . , . , . , . , . , . , . , . , t . X X t : : : : [ : : -: -: -. The present work has been designed to determine the possibility of estimating the lipid concentration of the entire liver from specimens obtained by needle biopsy. The error of this estimate will depend upon the accuracy of the chemical analysis and the distribution of lipids in the human liver, in various pathological conditions.
That there is no important systematic deviation between the analysis made by the micro-methods, described in this paper, on 5 to 8 mg. of tissue and by the accepted macro-methods is suggested by the agreement of our findings for the "normal" liver (5.7 + 0.8 g. lipid per 100 g. wet liver for the mean + standard deviation) and those of Ralli and her co-workers (4) who concluded that the concentration of total lipid in the normal human liver will probably not exceed 8 g. per 100 g. wet liver. Other workers have reported similar values for the normal human liver (Man and coworkers [13] , Thannhauser and Reinstein [14] , and Rourke and Stewart [2] ).
Histological examination of needle specimens taken from various sites in the liver has shown that relative uniformity in the distribution of fat does exist even in cirrhotic livers. Chaikoff and Kaplan (15) reported that in depancreatized dogs the distribution of fat in the liver may be uneven and that fatty as well as normal portions may exist simultaneously in the same liver. Such a situation has not, however, been observed in our material.
Inspection of the results obtained by chemical analysis shows that the lipid content of the specimens obtained from any one liver (1) varies for each individual, (2) is dependent upon the histopathologic alteration, (3) shows greater variation in those livers with a high lipid content (Fig. 9) and that (4) this variation depends to some extent on the presence or absence of cirrhosis. Statistical analysis has shown, however, that the variances for the four groups are essentially homogeneous.
It can therefore be concluded that it is as accurate, on a percentage basis, to estimate the lipid concentration of the entire liver from a single specimen, whether cirrhosis is present or absent, or the fat content high or low.
Using the data obtained in this study, it is possible to estimate from a needle specimen the lipid concentration of the entire liver with a determined 223 error. The best estimate is the concentration of lipid found in the specimen itself and its error may be conveniently expressed as the 5 per cent fiducial limits, which indicate the limits between which the lipid concentration of the liver will probably be 19 out of 20 times (16) . In calculating these limits the variance of the group is used since this is the best estimate of the variance of the individual and the grouping is known from histological examination of the specimen. Thus, for a non-fatty, noncirrhotic liver (i.e., "normal") the lipid concentration in the whole liver is within the range of ± 25 per cent of the value found from the microanalysis of a single sample. The limits for the remaining groups are summarized in Table VI . When two samples are analysed, a more precise estimate can be obtained.
If some therapy is given that is expected to modify the lipid content of the liver, it will be necessary to know whether any change observed is greater than that expected by chance. The "t" test (17) has been performed on the differences in the mean values, using the variance of the group as the best estimate of the variance for any sample shown by histological examination to belong to that group. In the third column of 2. Using a Vim-Silverman needle, 18 specimens have been taken from different sites in each of 25 post-mortem livers (13 non-fatty and 12 fatty livers). The samples have been examined histologically and their total lipid concentration determined chemically. The variation in the different specimens is reported and the effect of cirrhosis on the findings is discussed.
3. Relative uniformity in the distribution of lipids throughout the human liver has been observed. A good correlation was found between histological and chemical findings.
4. Approximate limits of error in estimating the lipid concentration of the whole liver from analysis of a single biopsy specimen are given. 5 . Factors are given which may be used to determine whether the value for the lipid concentration of a repeat biopsy specimen indicates a significant change in the lipid concentration in the whole liver.
